s>

e oON JjueIBmy
soAIquig uelAy Ul satprys Aioruagorers 1 % Aoxo |




iy

-
”

AMARANTH

Toxicity and Teratogenicity Studies
in Avian Embryos

e

“FDA Contract #71-330

B.L. Reid

- . A

Department of Poultry Science

University of Arizona, Tucson, Arizona 85721 -

H

L4

'y




STUDIES ON THE
TOXICITY AND TERATOGENICITY OF

AMARANTH IN AVIAN EMBRYOS

Summary and Conclusions

Amaranth administrations into avian egg yolks at either zero
or §6 hours incubation resulted in significant increases in embryo
mortality (P<0.005). A dose level of 0.2 mg./kg by ydlk admin-
istration at 0 hours had no effect on embryo mortality whgle
the next highest dose tested (2.0 mg./kg.) produced a significant
mortality response (P< 0.01). Yolk administration at 98 “hours
of 40 mg. amaranth/kg. produced a significant (P<0.005) increase
‘in mortality. The no-effe;t dose for the yolk inﬁecfion route
fo; zero hour administration was between 0.2 and 2.0 mg./kg.
while for 96 hour administration it was between 40.0 and 20.0
mg./kg.

Teratogenic effects of amaranth were linearly related to

. . *
dose level for the y&ik-gé hour series. Aiétatistic;ily signi-
ficant increase in abnormal embryos was observed with the 20.0
mg./kg. dose level administered in the'air cell at zero hours
due to the histopatﬁological findings.

Statistical analyses of teratology incidénce in amaranth - -—-— - ---—-—
groups in comparison with all controls (squent, drilled or
pierced and untreated) showed significant»cﬁi—square values ~

(P<<0.005 - 0.05) for both air cell administration times and ... o i i

for yolk-96 hour injected eggs. Although these studies provide

no unequivical evidence that amaranth is teratogenic for the




avian embryo, the incidence of abnormalities in the amaranth

treated eggs in comparison with the controls requires further

investigation.
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GENERAL PROCEDURES

‘The protocols as specified under FDA Contract #71-330 were followed
in the investigation of toxicity and potential teratogenicity of the
specified substance. The toxicity of the substance was evaluated from
the percentage hatch of embryos injected either in the air cell or yolk
at either zero hours (post-incubation) or after 96 hours incubation to
provide four separate evaluations.

.-" i

EGG SOURCE AND HANDLING t

All eggs used in these investigations were from Shavef Starcross
pullets'housed at the Poultry Research Center of the Uni:;;sity of Arizona
in Tucson. The parent stock was maintained oﬁ the University of Arizona
breeder diet which had been formulated to provide more than adequate
amounts of all the known nutrients required by the breeding hen.

The feed was specially prepared to assure no contaminations and did

not contain any additive drugs such as antibiotics. All eggs prior to

il
use (within 48 hours of lay) were candled to remove any containing blood

o

spots, abnormal air cells or abnormal shells, and only clean eggs
ranging in weight from 23 - 26 ounces per dozen were used.

The supply flochlwas tested to ass;re the absence of Pullorum and
Mycoplasma gallisepticum.

The eggsfwere incubated in forced draft Jamesway 252 machines with
automatic temperature and humidity controls and an automatic turning

device.

COMPOUND HANDLING FOR INJECTION

The substance tested was solubilized in a number of the prescribed
solvents in order to determine the maximum concentrations which could be

~ employed. Where possible, water was the solvent of choice. Maximum




- pierced controls.

—

injection volume was 0.05 ml. and all solvents and glassware were
autocléved prior to preparation of the solutions for ﬁse. The dose
ieVels were administered with a microliter syringe using sterilized
needles. |

The preliminary range-finding studies using each of the administration
routes and times were carried out with 10 - 25 eggs per dose level and

included solvent controls, untreated controls and either dr111ed or

%
»
The actual dose-response protocol was carried out in two or more
injections on different days to produce a minimum of 100 eggs at each
b R
dose level in five or more levels selected from the range- finding studies.

EXAMINATIONS OF EMBRYOQS AND CHICKS

Eggs were candled daily and the dead embryos removed, examined and
any abnormalities recorded. Five chicks from each dose level in each
hatch were X-rayed to determine any skeletal abnormalities. Additional
eggs injected at the approximate &P-SO level and an additional level
below that were incubated and embryos at 8,.14, 17 days and hatch vr
chicks removed for histopathological examinations.

In additional studies representatixe chicks from the dose-reéponse
protocol were saved. , These chicks were housed in electrically-heated
battery brooders with raised wire floors and fed University of Arizona
diets. Feedyéonsumption and growth rates were evaluated at 6 weeks of age
and a sampie of the birds sacrificed for gross and histopathological
examinations.

The remaining birds in each group were maintained to 6 months of

age and then sacrificed.
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DATA.- HANDLING

All data were coded on forms provided by FDA for computer input.
In addition to summaries of mortalities and abnormalities, a number of
statistical evaluations were carried out. These statistical analyses
included the following for both mortality and the incidence of ébnormal
embryos:
1. Chi-square tests for all dose levels and for each level
againét the solvent control .
2. Linear regression analyses + chi square test of linearity.
a. % reSponse against dose
b. % response against log dose
c. log % response against dose
d. arcsin transformation against dose
e. arcsin transformation against log dose
3. Log dose against Probit using Finney's maximum likelihood.
method.
a. Where significant, tbﬁ LD-30, 50, 70 and 90's were estimated
with 95%19;nfidence intervals. ., _ x ’
4. One-way analyses of variance.

5. Linear regression with replication.
i

Amaranth was finally solubilized in distilled water for use in
the various test protocols. A concentration of 40 mg. per milliliter
was found to be the maximum attainable at room temperature and this was
employed at an injection volume of 0.05 ml. to produce the maximum dose

T

levels of 2.0 mg. per egg or 40.0 mg./kg.




RESULTS AND DISCUSSION

Mortalitz

The administration of amaranth in the air cell in amounts from
0.004 to 40.0 mg./kg. of egg prior to incubation produced embr;o
mortalities which were significantly different from the solvent
controls only with dose levels of 0.02 and 20.0 mg./kg. (Table 1).
However, when the combined dose level mortalities were treated
agalnst the solvent controls the chi-square test yielded g value

5

of 9.821 (P 0.25) which was not statistically significant.

The embryo mortalities were obtained when amaranthvyas
injected into the air cell after 96 hours incunation ranged from
2.85 to 9.42% (Table 2). Statistical analyses of these data
failed to show a significant effect of the amaranth administrations
on embryo mortality.

Rather high embryo mortalities were pro&uced_with yolk admin-
istration prior to ineubation (Tgple 3). The dose levels of 2.0
mg./kg. and above yielded significant chi-square values with P  0.05 -~
0.005 and a comparison of all levels with the solvent controls
yielded a chi-square value of 20.884 w%th 5 D.F. (P ‘0.005).

Amaranth appeaged to be less toxic when administered in the
yolk after 96 hours incubation with only the highest dose 1ete1 of
40.0 mg./kg;:yielding a significant chi-square value in the 2 x 2
adjusted test (P 0.005) although the comparison of all levels with
the solvent controls had a chi-square of 21.589 with 5 D.F. (P 0.005).

These data suggest that amaranth is embryo toxic with the no-
effect dose varying with the administration route and time of incuba-

tion. Avian embryos durlng the earlier stages of incubations were

more susceptlble than those after 96 hours development The apparent
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no-effect dose was less than 20.0 mg./kg. for air cell administration
post incubation; while no significant differences from solvent

control mortality were obtained at the highest dose tested (40.0 mg./kg.)

in the air cell at 96 hours.

The yolk administration - zero hour apparent no-effect dose
for mortality was below 2.0 mg./kg.; while 96 hour injection by the

same route yielded a no-effect dose below 40.0 mg./kg.
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TERATOLOGY
Among the eggs injected with amaranth in the air cell at
zero hours those receiving 20 mg./kg. showed a statistically
significant (P¢ 0.01) increase in teratology due to the histo; '
pathological findings in this group. The histopathological
examinations showed malacia in the brain, granulated cytoplésm
in liver cells and renal artery hypertrophy in this group.
Chi-square analysis employing a 2 x 2 table did not;ﬁndicate
; significant increase in abnormal embryos as a result ‘ |
of amaranth administration in the air cell at 96}hoursv9;'
yolk administration at either 0 or 96 hours. A comparison of aliﬁ
dose levels of amaranth for each time and each administration
route failed to indicate a statistically significant increase
in comparison with the solvent controls. Similar analyses of the
combined dose level data compared with all controlls for each route
and time (solyent, untreated ang‘drilled or pierced) yielded
significant chi-square values of 10.95 (P 0.05), 12.75 (P<¢0.005) 4
ahd 4.005 (P£0.05) for the two air cell administration times and
yolk-96 hours, respectively, the yolk:O hours series was no£
significént. This stype analysis may be open to some question
since the untreated controls were included; therefore, the same .
type analyégs were undertaken without these groups being included.
The chi-square values resulting from these comparisons of all -
dose levels with the solvent and drilled or piercéd groups were

not statistically significant (P$0.05). ) '-_7
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The incidence of abnormal embryos was linearaly relaf;d to &ose
level only in the series of yolk injected eggs at 96 hours (Table
7); this was true for all of the data transformations employed in
the computer program by FDA. Chi-square analyses of H-L-S-V
abnormalities associated with amaranth were not significantly

(P >0.05) different from the solvent controls (Table 8).

There in no unequivical evidence as a result of these studies
that amaranth is teratogenic for the avian embryo. The data do
suggest that the incidence of abnormalities in comparison with all
control groups (including the untreated eggs) is significantly
increased with amaranth administration, while the solvent controls
and drilled or pierced groups of eggs did not exhibit tgg same
increase in abnormalities in comparison with the untreated eggs.
The only abnormality associated with the untreated groups was one
chick showing atoxia, while the drilled controls at zero hours
showed two embryos with anophthalmia and the remaining drilled or
pierced eggs did not produce any embryos showing teratology.

Among the solvent (water) injected controls thrée embryos or
chicks were found to be abnormal with two showing celosomia and
one with a head abnormality (Table 9).

POST-HATCH DATA

i

past-hatch data collection periods and the gross, X-ray and histo-

Among chicks raised to 6 weeks and 6 months there were no
discernable qifferences in hatch weight, average of eith§?“m§%5§wgzhfﬁw_M__‘vv“
females at é’weeks of 6 months of age or in feed consumption
(Table IOj. The average ége at sexual maturifyjféf”fﬁé;féméi§l7>M1 ;1;"itjj“”;w
chicks varied from 140 to 166 days, but this difference cannot be

considered significant in the light of the number of pullets.

involved. Mortalities were no significantly different through the

pathological examinations failed to indicate an effect of the

amaranth administration on_any of theSe criteria. ~ ~~~~—~ =~ =~ T I
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TABLE 8

AMARANTH
Chi-Square Analyses
H-L-S-V Abnormalities

-

Dose, Air Cell Yolk

mg/kg 0 hrs 96 hrs 0 hrs 96 hrs
0.004 0.21 - - -
0.02 0.06 - - v -
0.20 0.02 0.01 0.31 0.00
2.00 :0.19 0.29 0.00 0.00
10.00 0.60 0.0l 1.54 0.51
20.00 0.05 0.32 0.27 0.53

40.00 0.03 0.4k 0.24 0.00

All doses (DF) L.13(7) *1.90(5) 6.30(5) 5.92(5)




. AMARANTH IN WATER
. : % ABNORMAL EMBRYOS

YOLK - 96 HOURS

Statistical
Test Yolk - 96 Hours

Linear Regression Chi-Square

Linearity (DF) 3.989*(1)
Departure (DF) . 8.499 (10)
Total (DF) 12.488 (11)
'B ' 0.000603
Standard Error of B 0.0003019 ]

Log Transformation - Chi-Square .
Linearity (DF) | 5.764% (1)
Departure (DF) 6.723 (10)
Total (DF) . 12.488 (11)
B 0.013095

¢ Standard Error of B 0.00545

Dose vs. Ancsin % Abnormal

T . 2.86* ,

B 0.00292
Estimate 0.0508

Log Dose vs. Ancsin % Abnorpal

T 3.385*
B “ 0.0698
Estimate | : T ' ”i‘hi0.0$68"‘"' _ - -

Log Dose vs. % Abnormal

B 0.0133

Iistimate
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. TABLE 6

AMARANTH IN WATER
STATISTICAL ANALYSES

% MORTALITY

Statistical Air Cell Yolk
Test 0 Hours 96 Hours 0 Hours 96 Hours

Linear Regressions

Log Dose vs. Probit NS NS NS NS

Dose vs. % Mortality NS NS NS, NS

Dose vs. Arcsin % Mortality NS NS NS NS

Log dose vs. Arcsin % Mortality NS NS NS NS

Log dose vs. % Mortality NS . NS NS | NS

_ One-way Analysis of Variance NS NS NS NS

Linear Regression - Chi Square NS NS
Linearity (DF) |  3.978%*(1)  16.02¢(1)
Departure (DF) 57.104*(10) 37.341*(10)
Total (DF) oy 61.08*(11) 53.362*(11)
B - | . +0.002755 0.00402

Standard Error of B , ‘ 0.0013812 0.001005
Log Transformation - Chi Square - -

Linearity (DF) A 28.137*(1) 9.936* (1)

Departure (DF) | 32.9467(10) | 43.426*(10)
Total (DF) 61.08*(11) 53.362*(11)
B ’ | 01337 0.0572 -

Standard Error of B 0.0252 0.01815 ;

|

!
|

A




TABLE 5

AMARANTH IN WATER

STATISTICAL ANALYSES

CHI-SQUARE'

Dose Air Cell Yolks

mg./kg. 0 hours 96 hours 0 hours 96 hours

Mortality

0.004 ' 1.201 - o -

0.02 7.215* - Y -

0.20?- 2.978 0.135 0.296 ‘ 1.699

2.00 1.174 0.225 7.794* 0.896

10.00 0.861 0.456 12.094* 0.068
20.00 5.830% 0.073 9.007* 3.798

40.00 1.469 1.630 ' 5.809* 11.963*

All Doses (DF) 9.821 (7) 5.892 (5) ©20.884%*(5)  21.589%(5)-

¢ % Abnormal | |

0.004 0.018 - - -

0.02 0.154 - e _ -

0.20 2.059 0.322 10.307 -

2.00 0.124 0.286 0.486 -

10.00 0.603 | 0.322 1.544 10.505

20.00 ~ 3.988* 0.322 - 0.839 p;1.39; -
40.00 T 0.033 0.003 0.781 0.495
All Doses (DF) 9.882 (1)  0.341 (5)  4.693 (5) _ 7.759-(5) --

* Probalility 0.05 - 0.005.




[ ) __
040 A  6L°0|S 660 6E°L | 28 o
f : _ﬁ,
> w .
$13A31 3500 TV - AMVWWAS R o
: o M W
ol Y . A— . o
. » ; . _,f
£2°0 - - — ;
- 0 1 €Z°0| Ly £0°01 9Zh pazea.
oo 0 o | zi 881l | 1ol paaL.
T
2 i
0 0 8 z6°L 101 $Ja
B 0 0 s1 ol'ql | zol 2°0
0 0 €1 o00°€L | ool 0°Z
z 86°1l ¢ g6'1} z g6'1] 8 26 L 10t 0ol
10" 1 z zo'zl ¢ wotz| £. €o'gl g1l gi'gl | 66 002
i
86°0 I 86°C t 860l z 96°t] 8z sw'lz | zol 0°0%
7 % | # % |7 %l # k| F %5l F % | F I F I F Il F % |o11345] | wdd
euoi3dung| asuodsay |edny squwl -NELEYY R ETETS pesH T1-A-S-H {eloy A3 |e3rJoy *ON ‘3s0(Q
-onJlg | ewJouqy ;
AJobajes” Aq s313| |ewdiouqy

SYNOH 96 - AT0A

AYVWWNS

Yilvm Ul

HLNVUVWY

® 3749vl

-



! _ L tr
6°0 L 610 | 61°0 €1 05z I8t Ly'€ |Lt wN.m S5z | m,.w:. 615 W M |
A _ " . b
ST3AZ1 3500 TV - A¥VMWNS . L
,_ | | - o
| ' ! Lo
€20 oo U gze| I f0cll | 9z fezes.
" 0 o [ 25 o005 | w0l umwu
! [
| s60]1 60| 1 560 € enue | sor m.v
€ 00| ¢ oo'cl¢ oo'c| 9¢ o00'9f | 001 HN.d
(670 0 L L6'0) €5 su1s | o1 0z
S 9LwiS oltw|s oltw| 65 6195 | o1 | 00
960 € 88°Z|¢ 88'z|%h, #8€| S5 83275 | xol w.nm
I €60 I £6°0 ¢ 98 L|€ ogefw €€l zs  esgn | Lot | 0ok
# pA # % | # % # % # % # % #F %I F % # Rl # % SRR ELE ) .Ean
.euot3oung| asuodsay {eany squ| e43dS|A | |eI9|9YS pesH 1-A-S-H 1e30L Ai1|e340 -oN asog
-on43§ | ewlouqy P
Kiobajed Aq so3]|ewiouqy

SY¥NOH 0 - X70A

AYVWHNS

Y3LVM Ul HINVYWVWY

€ 378vl

>




